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(57) The present invention comprises pixels each 
configured by a switching element and a light-emitting 
element, and a plurality of source signal lines for one 
pixel column. An input terminal of the switching element 
is connected to any one of the plurality of source signal 
lines and an output terminal of the switching element is 
connected to the light-emitting element so as to enable 
a light emission when the switching element is turned 
ON. Pixels in plurality of rows emit light simultaneously, 
so that a longer light emission time can be realized. It 
can make the lifetime of an element longer and the pow- 
er consumption lower. 
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Description 

TECHNICAL FIELD 

[0001] The present invention relates to a display de- 
vice, and more particularly to a display device in which 
an electroluminescence (hereinafter, abbreviated as 
EL) element is used as a light-emitting medium. 

BACKGROUND ART 

[0002] In recent years, with the advance of the com- 
munication technology, mobile phones have been wide- 
ly used. In future, transmission of moving images and a 
larger volume of information are expected. On the other 
hand, through reduction in weight of personal comput- 
ers, mobile personal computers have been produced. 
Information terminals called PDA originated in electron- 
ic notebooks have also been produced in large quanti- 
ties and widely used. In addition, with the development 
of display devices, the majority of such portable infor- 
mation equipment are equipped with a flat panel display. 
[0003] Recently among flat panel displays, manufac- 
tured for productization has been a display device hav- 
ing a thin film transistor (hereinafter, referred to as TFT) 
using a polycrystalline semiconductor crystallized at a 
temperature of 600°C or less, which is rather low as 
compared to the conventional condition of 1000°C or 
more. By the TFT using a polycrystalline semiconductor 
crystallized at a low temperature, not only a pixel but 
also a signal line driver circuit can be integrally formed 
around a pixel portion, which makes it possible to realize 
downsizing and high definition of a display device. Thus, 
such a display device is expected to be more widely 
used in future. 

[0004] As for the display device having a TFT using a 
polycrystalline semiconductor crystallized at a low tem- 
perature, a display device in which a light-emitting ele- 
ment, particularly an organic EL element, is used as well 
as a liquid crystal display device has been developed. 
[0005] In addition, as for the display device in which 
an organic EL element is used, a passive matrix display 
device has been developed and produced for display 
devices of mobile phones, car stereos, and the like. 
[0006] FIG 2 schematically shows a conventional 
passive matrix display device. The display device 
shown in FIG 2 has a pixel portion arranged in the center 
of a substrate 201 made of glass or the like. The pixel 
portion has light-emitting elements, column signal lines, 
and row signal lines arranged therein. A column signal 
line driver circuit 202 for controlling the column signal 
lines is disposed on the upper side of the substrate 201 . 
On the left side of the substrate 201, a row signal line 
driver circuit 203 for controlling the row signal lines is 
disposed. Furthermore, a controller 240 is disposed for 
controlling the column signal line driver circuit 202 and 
the row signal line driver circuit 203. Note that the col- 
umn signal line driver circuit 202 and the row signal line 



driver circuit 203 are each composed of LSI chips, and 
connected to the substrate 201 through a FPC (flexible 
Printed Circuit) (e.g., see Patent Document 1). 

(Patent Document 1) Japanese Patent Application 
5 Laid-Open No. Hei 9-232074 

[0007] Referring to FIG. 2, operation of a passive ma- 
trix display device is described. First, a row signal line 
220 in the first row is selected. A state of being selected 
here means that a switch 212 is connected to GND. 
10 Next, switches 208 to 211 of the column driver are 
turned ON. One end of each of the switches 208 to 211 
is connected to constant current sources 204 to 207 re- 
spectively, and the other end thereof is connected to col- 
umn signal lines 216 to 219 respectively. When the 
15 switches 208 to 21 1 are turned ON, currents output from 
the constant current sources 204 to 207 flow into light- 
emitting elements 224 to 227 via the switches 208 to 
211 and the column signal lines 21 6 to 21 9. Then, pass- 
ing through the light-emitting elements 224 to 227, the 
20 currents further pass through the switch 212 via the row 
signal line 220, and flow into GND. In this way, the light- 
emitting elements 224 to 227 emit light in response to 
the flow of current therethrough. Periods in which the 
switches 208 to 211 are turned ON vary from one an- 
25 other. Gray scale display is thus performed based on 
the length of periods in which the switches are turned 
ON. After the switches 208 to 211 are all turned OFF, 
the switch 212 of the row signal line driver circuit is con- 
nected to VCC. Then, a switch 213 is connected to GND, 
30 and this operation will be repeated. In the case where a 
switch of the row signal line driver circuit is connected 
to VCC, a reverse bias is applied to light-emitting ele- 
ments of the row, so that no current flows, and no light 
is emitted. 

35 [0008] The luminance of light-emitting elements 224 
to 239, that is, the amount of current flowing in the light- 
emitting elements 224 to 239 can be respectively con- 
trolled by the current value of the constant current sourc- 
es 204 to 207 of the column signal line driver circuit and 
40 the length of period in which the switches 208 to 21 1 are 
turned ON. FIG 3 shows an example of the column sig- 
nal line driver circuit. A constant voltage is generated 
first with a built-in constant voltage source 301 . As the 
constant voltage source, a known band gap regulator or 
45 the like is frequently used. In addition, a power source 
with a small temperature coefficient is used. The gener- 
ated constant voltage is converted into a current by an 
operational amplifier 302, atransistor303, and a resister 
304. Thus, a constant current with a small temperature 
50 coefficient can be generated. The current is reversed 
and duplicated to obtain plural currents by a current mir- 
ror circuit composed of transistors 305 to 309 and re- 
sisters 314 to 318 before being supplied to the column 
signal lines via switches 310 to 313. 
55 [0009] A method for gray scale display of alight-emit- 
ting element is described hereinafter. In the column sig- 
nal line driver circuit shown in FIG 2, when there is no 
variation in the length of ON periods among the switches 
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208 to 21 1 , only two gray scales can be obtained in this 
display device. An expression method of the gray scale 
in this display device is described with reference to FIG 
4. 

[0010] A timing chart of a time gray scale method is 
simply illustrated in FIG 4. In this example, a frame fre- 
quency is set at 60 Hz, and 3-bit gray scale is obtained 
according to the time gray scale method. When the 
frame frequency is 60 Hz, one frame period is 1 6.6 ms. 
The value obtained by dividing this frame period by the 
number of pixels in the perpendicular direction approx- 
imately equals one horizontal line period 401. In the 
case where the number of pixels in the perpendicular 
direction is 220, for example, one horizontal line period 
is 75 fiis. In the above-mentioned method, when 90% of 
this horizontal line period is an image period (a period 
in which an image signal exists), the image period is 68 
jus. In the case of performing 3-bit gray scale display, 
that is, display in 8 gray scales in this image period, the 
length of ON period of the switch, namely a lighting pe- 
riod 402 may be set in proportion to gray scales, as il- 
lustrated in FIG 4. In FIG 4, a period denoted by refer- 
ence numeral 403 is a non-lighting period and a period 
denoted by reference numeral 404 is a blanking period. 
[0011] In the time gray scale method, the gray scale 
can be expressed in the above-described manner. It is 
of course possible to express the same kind of gray 
scale in a color display device. 

[0012] FIG 5 shows an active matrix display device. 
Pixels of the active matrix display device in FIG 5 are 
configured by switching TFTs 508 to 511, EL driving 
TFTs 51 2 to 515, storage capacitors 51 6 to 51 9, and EL 
elements 520 to 523. Operation thereof is described be- 
low. 

[0013] When a gate signal line 505 connected to a 
gate signal line driver circuit 502 becomes high, the 
switching TFTs 508 and 510 are turned ON and image 
signals supplied from source signal lines 503 and 504 
connected to a source signal line driver circuit 501 are 
input to the storage capacitors 516 and 518 and the 
gates of the EL driving TFTs 512 and 514. Then, by the 
driving TFTs 51 2 and 514, the amount of current accord- 
ing to the voltage value flows from a power source line 
507 into the EL elements 520 and 522. The EL driving 
TFTs 512 and 514 serve as voltage-to-current convert- 
ing elements here. When the gate signal line 505 be- 
comes low, the switching TFTs 508 and 510 are turned 
OFF. However, charge is held in the storage capacitors 
516 and 518 so that the EL driving TFTs 512 and 514 
maintain the same state to keep supplying current to the 
EL elements 520 and 522. As above, an active matrix 
display device comprises pixels having memory per- 
formance, therefore light emission at the same state can 
be continued until next writing starts. 
[0014] When agate signal line 506 becomes high, the 
switching TFTs 509 and 511 are turned ON and image 
signals of the source signal lines are input to the gates 
of the EL driving TFTs 51 3 and 515 and the storage ca- 



pacitors 517 and 519. Current flows into the EL ele- 
ments 521 and 523 by the EL driving TFTs 51 3 and 51 5, 
so that the EL elements 521 and 523 emit light. (The 
above description is, for example, disclosed in Patent 
5 Document 2.) 

(Patent Document 2) Japanese Patent Application 
Laid-Open No. 2002-108285 

[0015] Among active matrix display devices, a display 
device using a current mirror circuit as shown in FIG. 6 

10 has been also developed. This display device compris- 
es pixels provided with current mirror circuits which are 
configured by TFTs 609 and 610, TFTs 611 and 612, 
TFTs 613 and 614, and TFTs 615 and 616. A luminance 
signal is supplied not with voltage but with current from 

15 a source signal line driver circuit 601 to source signal 
lines 603 and 604, and gate signal lines 605 and 606 
are controlled by a gate signal line driver circuit 602. 
When switches 621 to 628 are turned ON, the current 
mirror circuits operate so that the amount of current ac- 

20 cording to an output current of the source signal line driv- 
er circuit flows into EL elements 629 to 632. Even when 
the gate signal line driver circuit turns OFF the switches, 
the TFTs 610, 612, 614, and 616 operate to keep sup- 
plying current to the EL elements 629 to 632 in the case 

25 where charge is accumulated in capacitors 617 to 620 
(e.g., see Patent Document 3). 

(Patent Document 3) Japanese Patent Application 
Laid-Open No. 2001-147659 

[0016] The aforementioned conventional organic EL 

30 display device has the following problems. First, as for 
a passive matrix organic EL display device, there is a 
problem in that the number of pixels can not be in- 
creased much. A passive matrix EL display device com- 
prises pixels having no holding function, therefore light 

35 emission can be held only momentarily. The value ob- 
tained by dividing one frame period by the number of 
column lines equals a light emission period. The number 
of column lines is inevitably increased and the light 
emission period becomes shorter with the increase in 

40 the number of pixels. Generally, one frame period is ap- 
proximately 1 6.6 ms in view of a flicker, and in the case 
where pixels are equal to 176 x RGB x 220, a lighting 
time of one line is 75 jus. When the light emission period 
is short while lighting luminance is high like the above, 

45 a large amount of current is required to be supplied to 
an organic EL element of a pixel, leading the short life 
of the organic EL element and the increase in power 
consumption due to the increase in forward voltage. 
Since a lighting period of a practical passive matrix dis- 

50 play device is frequently set at 250 jus or more, it is dif- 
ficult to increase the number of pixels in the passive ma- 
trix EL display device. 

[001 7] On the other hand, an active matrix organic EL 
display device as shown in FIG 5 comprises pixels hav- 
55 jng memory function, therefore an organic EL element 
of a pixel can keep lighting during one frame period. The 
problem such as a passive matrix display device does 
not occur. However, in the aforementioned active matrix 
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display device, voltage held in a capacitor is converted 
into current by a TFT in the pixel, so that variations in 
characteristics of TFTs affect the converted current. Low 
temperature polysilicon TFT is formed through crystal- 
lization using linear laser light, therefore due to the var- 
iations, characteristics of the TFTs vary in striped shape. 
Consequently, there is a problem in that variations in lu- 
minance arise in striped shape. 

[001 8] In the case of the display device using a current 
mirror circuit as shown in FIG 6, the aforementioned var- 
iations in luminance can be prevented when there is no 
variations in characteristics of a pair of TFTs 609 and 
610 which configures the current mirror. Uniform char- 
acteristics of the TFTs 609 and 610 can be realized by 
increasing each TFT size. However, TFTs occupies larg- 
er areas in a pixel and the opening ratio is decreased in 
such display devices, which leaves a problem in that 
such display device using a current mirror circuit is not 
applicable to a small pixel. 

DISCLOSURE OF THE INVENTION 

[0019] In order to solve the above-mentioned prob- 
lems, a pixel is configured by one or more thin film tran- 
sistors and a light-emitting element, and pixels in a plu- 
rality of rows are lighted simultaneously according to the 
present inventor. As a result of this, problems of a con- 
ventional display device such as a short light emission 
period, display variations due to variations in pixel TFTs, 
and decrease in opening ratio can be eliminated. 
[0020] One feature of the present invention is to pro- 
vide a display device comprising a substrate on which 
a plurality of pixels each configured by a switching ele- 
ment and a light-emitting element are disposed in ma- 
trix, and wherein a plurality of source signal lines is dis- 
posed for one pixel column and one gate signal line is 
disposed for one pixel row. The switching element has 
an input terminal, an output terminal, and a control ter- 
minal. The input terminal is electrically connected to any 
one of the plurality of source signal lines, the output ter- 
minal is electrically connected to the light-emitting ele- 
ment, and the control terminal is electrically connected 
to the gate signal line. The switching element can be 
configured by one thin film transistor. Furthermore, the 
switching elementcan be configured by a multi-gate thin 
film transistor such as a double-gate thin film transistor 
and a triple-gate thin film transistor. In addition, an EL 
element can be employed as the light-emitting element. 
[0021] One feature of the present invention is to pro- 
vide a display device comprising a substrate on which 
a plurality of pixels each configured by a switching ele- 
ment and a light-emitting element are disposed in ma- 
trix, and wherein a plurality of source signal lines is dis- 
posed for one pixel column, one gate signal line is dis- 
posed for one pixel row. The switching element has an 
inputterminal, an outputterminal, and acontrol terminal. 
The input terminal is electrically connected to any one 
of the plurality of source signal lines, the output terminal 



is electrically connected to the light-emitting element, 
and the control terminal is electrically connected to the 
gate signal line. The display device also comprises a 
plurality of source signal line driver circuits each electri- 

5 cally connected to at least one of the plurality of source 
signal lines. Each of the source signal line driver circuits 
is a current output type source signal line driver circuit 
and may be configured by a thin film transistor. The 
source signal line driver circuits and the switching ele- 

10 ment can be formed on the same substrate. A semicon- 
ductor chip may be mounted as the source signal line 
driver circuit. The plurality of source signal line driver 
circuits may be divided to be disposed on both sides of 
a region disposing the plurality of pixels (up and down 

15 or right and left side of the region). Further, the source 
signal line driver circuit drives any one of the plurality of 
source signal lines. The switching element can be con- 
figured by one thin film transistor. Furthermore, the 
switching element can be configured by a multi-gate thin 

20 film transistor such as a double-gate thin film transistor 
and a triple-gate thin film transistor. In addition, an EL 
elementcan be employed as the light-emitting element. 
[0022] One feature of the present invention is to pro- 
vide a display device comprising a substrate on which 

25 a plurality of pixels each configured by a switching ele- 
ment and a light-emitting element are disposed in ma- 
trix, and wherein a plurality of source signal lines is dis- 
posed for one pixel column, one gate signal line is dis- 
posed for one pixel row. The switching element has an 

30 inputterminal, an outputterminal, and a control terminal. 
The input terminal is electrically connected to any one 
of the plurality of source signal lines, the output terminal 
is electrically connected to the light-emitting element, 
and the control terminal is electrically connected to the 

35 gate signal line. The display device also comprises one 
gate signal line driver circuit which drives a plurality of 
the gate signal lines simultaneously. The gate signal line 
driver circuit may be configured by a thin film transistor. 
The gate signal line driver circuit and the switching ele- 

40 ment can be formed on the same substrate. A semicon- 
ductor chip may be mounted as the gate signal line driv- 
er circuit. The switching element can be configured by 
one thin film transistor. Furthermore, the switching ele- 
ment can be configured by a multi-gate thin film transis- 

45 tor such as a double-gate thin film transistor and a triple- 
gate thin film transistor. In addition, an EL element can 
be employed as the light-emitting element. 
[0023] In the aforementioned present invention, the 
source signal line driver circuit or the gate signal line 

50 driver circuit can be configured by using a transistor hav- 
ing single polarity. 

[0024] One feature of the present invention is to pro- 
vide a driving method of a display device comprising a 
substrate on which a pixel each configured by a switch- 
es jng element and a light emitting element are disposed 
in matrix, and wherein a plurality of source signal lines 
is disposed for one pixel column, and one gate signal 
line is disposed for one pixel row. The switching element 
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has an input terminal, an output terminal, and a control 
terminal. The input terminal is electrically connected to 
any one of the plurality of source signal lines, the output 
terminal is electrically connected to the light-emitting el- 
ement, and the control terminal is electrically connected 
to the gate signal line. In the driving method, a plurality 
of the gate signal lines is simultaneously driven to turn 
ON a plurality of the switching elements so that a signal 
of any one of the plurality of source signal lines is input 
to the light-emitting element to be driven. A switching 
element can be configured by one thin film transistor or 
a multi-gate thin film transistor in this driving method of 
the light-emitting element. 

BRIEF DESCRIPTION OF DRAWINGS 

[0025] 

FIG. 1 is a diagram showing an embodiment mode 
of the present invention. 

FIG 2 is a diagram showing a conventional passive 
matrix EL display device. 

FIG. 3 is a diagram showing a conventional current 
source circuit. 

FIG 4 is a diagram showing a gray scale in a con- 
ventional passive matrix EL display device. 
FIGS is a diagram showing a pixel of a conventional 
active matrix EL display device. 
FIG 6 is a diagram showing a pixel of aconventional 
active matrix EL display device using a current mir- 
ror. 

FIG 7 is a diagram showing a pixel and a source 
signal line driver circuit of the present invention. 
FIG. 8 is a block diagram showing a source signal 
line driver circuit of the present invention. 
FIG 9 is a block diagram showing a source signal 
line driver circuit of the present invention. 
FIG 1 0 is a block diagram showing a constant cur- 
rent source of the present invention. 
FIG 11 is a diagram showing a source signal line 
driver circuit of the present invention using an ana- 
log image signal. 

FIG 12 is a diagram showing a source signal line 
driver circuit of the present invention using an ana- 
log image signal. 

FIG. 13 is a diagram showing an embodiment in 
which a switching element of the present invention 
is configured by one TFT. 

FIG 14 is a diagram showing an embodiment in 
which a switching element of the present invention 
is configured by a plurality of TFTs. 
FIG. 15 is a plan view of a pixel of the present in- 
vention. 

FIG 16 is a diagram showing an embodiment in 
which a gate signal line of the present invention is 
connected. 

FIG 1 7 is an embodiment of a signal line driver cir- 
cuit of the present invention using TFTs having sin- 



gle polarity. 

FIG 1 8 is a view of electronic apparatuses each us- 
ing a display device of the present invention. 
FIG 19 is a diagram showing an embodiment in 
5 which a signal line driver circuit of the present in- 

vention is disposed on both sides of a pixel portion. 

BEST MODE FOR CARRYING OUT THE INVENTION 

w [0026] An embodiment mode of the present invention 
is described with reference to drawings hereinafter. 
[0027] FIG 1 schematically shows a display device of 
the present invention. One pixel is configured by one 
switching element and one light-emitting element in FIG 

15 1. Four source signal lines are disposed for one pixel 
column and one gate signal line is disposed for one pixel 
row. The number of the source signal lines disposed for 
one pixel column is four in this embodiment mode, how- 
ever, it is not limited to four. 

20 [0028] Each of source signal lines 103 to 110 connect- 
ed to a source signal line driver circuit 1 01 is connected 
to an input terminal of a switching element, one elec- 
trode of a light-emitting element is connected to an out- 
put terminal of the switching element, a gate signal line 

25 connected to a gate signal line driver circuit 1 02 is con- 
nected to a control terminal of the switching element. 
The source signal line driver circuit 101 used here is 
preferably the one shown in FIG 3 in which current is 
output to a source signal line, however, it is not limited 

30 to this. When current is output from the source signal 
line driver circuit 101 and gate signal lines 111 to 114 
become high (active), switching elements 119 to 122 
and 127 to 130 are turned ON and current flows through 
the switching elements into light-emitting elements 135 

35 to 1 38 and 1 43 to 1 46, and a common cathode, so that 
the light- emitting elements 135 to 138 and 143 to 146 
emit light. 

[0029] Subsequently, when the gate signal lines 111 
to 114 become low, the switching elements 119 to 122 

40 and 127 to 130 are turned OFF. Then when gate signal 
lines 115 to 118 become high, switching elements 123 
to 126 and 131 to 134 are turned ON and current flows 
into light-emitting elements 139 to 142 and 147 to 150, 
so that they emit light. By repeating this, the whole 

45 screen emits light. 

[0030] In the case of expressing a gray scale, the ex- 
pression is achieved by controlling current flowing 
through a source signal line. 

[0031] The present invention is different from a con- 
50 ventional passive matrix EL display device in that the 
plurality of gate signal lines 111 to 1 1 4 is turned ON si- 
multaneously. In FIG.1, the number of source signal 
lines for one column is four and four gate signal lines 
can be turned ON. 
55 [0032] Therefore, in the case where the number of 
pixels is 176 x RGB x 220, a lighting period of one line 
is approximately 75 \xs in the conventional passive ma- 
trix EL display device, whereas a lighting period of 300 
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|us is realized in the present invention since four lines 
can be lighted simultaneously. As a result of this, the 
reliability equivalent to a passive matrix EL display de- 
vice having a small number of pixels can be obtained. 
[0033] The source signal line driver circuit and the 
gate signal line driver circuit may be formed together 
with the switching element on the substrate, or alterna- 
tively, a driver circuit may be manufactured separately 
from the switching element and mounted on a pixel sub- 
strate. Monocrystalline silicon or non-monocrystalline 
such as poly-silicon and amorphous silicon may be used 
for the driver circuit. 

[0034] In addition, since a switching element in each 
pixel only controls ON/OFF of current and does not per- 
form voltage-to-current conversion, variations in lumi- 
nance due to variations in switching elements do not 
arise. Furthermore, the discharge of charge due to off 
current of a switching element can be prevented. There- 
fore, deterioration of image quality due to variation in 
laser crystallization can be prevented while it arises in 
a conventional active matrix EL display device. Besides, 
one pixel comprises one switching element and there is 
thus no need of providing a complex circuit in each pixel. 
It is not necessary to increase the size of a switching 
element in order to reduce variations. Therefore, there 
is an advantage of no decrease in opening ratio and ap- 
plicability to a small pixel. 

[0035] As described above, problems such as a very 
short lighting period of an EL element as a passive ma- 
trix EL display device can be solved as well as variations 
in luminance in striped shape due to variations in ele- 
ments and decrease in opening ratio as a conventional 
active matrix EL light-emitting device. 

[Embodiment] 

[Embodiment 1] 

[0036] FIG 13 schematically shows a display device 
of the present invention. One pixel is configured by one 
TFT and one light-emitting element in FIG 13. A source 
signal line connected to a source signal line driver circuit 
1301 is connected to either one of a source electrode 
or a drain electrode of a TFT, one electrode of a light- 
emitting element is connected to either the other of the 
source electrode or the drain electrode of the TFT, and 
a gate signal line connected to a gate signal line driver 
circuit 1 302 is connected to a gate electrode of the TFT. 
The source signal line driver circuit 1301 used here is 
preferably the one shown in FIG 3 in which current is 
output to a source signal line, however, it is not limited 
to this. 

[0037] When current is output from the source signal 
line driver circuit 1301 to source signal lines 1303 to 
1310 and gate signal lines 1311 to 1314 become high 
(in the case where a pixel TFT is an N-channel type), 
current flows into TFTs 1 31 9 to 1 322 and 1 327 to 1 330, 
and through these TFTs, the current flows into EL ele- 



ments 1335 to 1338 and 1343 to 1346, and a common 
cathode, so that the EL elements 1 335 to 1 338 and 1 343 
to 1346 emit light. 

[0038] Subsequently, when the gate signal lines 1311 

5 to 1314 become low (in the case where a pixel TFT is 
an N-channel type), the TFTs 1 31 9 to 1 322 and 1 327 to 
1 330 are turned OFF. Then when gate signal lines 1315 
to 1318 become high, TFTs 1323 to 1326 and 1331 to 
1334 are turned ON and current flows into EL elements 

10 1 339 to 1 342 and 1 347 to 1 350, so that they emit light. 
By repeating this, the whole screen emits light. De- 
scribed above is the case where a pixel TFT is an N- 
channel type, however, a potential of the gate signal line 
are reversed to this in the case where the pixel TFT is 

15 a P-channel type. 

[0039] The source signal line driver circuit 1301 and 
the gate signal line driver circuit 1302 may be formed 
together with the pixel TFT on the substrate, or alterna- 
tively, a driver circuit may be manufactured separately 

20 from the pixel TFT and mounted on a pixel substrate. 
Monocrystalline silicon or non-monocrystalline such as 
poly-silicon and amorphous silicon may be used for the 
driver circuit. 

[0040] In the case of expressing a gray scale, the ex- 
25 pression is achieved by controlling current flowing 
through a source signal line as shown in FIG 4. 

[Embodiment 2] 

30 [0041] FIG 14 shows an example in which a switching 
element is configured by a double-gate TFT. By config- 
uring a switching element by a plurality of TFTs like this, 
a drop in yield of a light-emitting device can be sup- 
pressed even in the case where the switching element 

35 has a large leak. The switching element is configured 
by a double-gate TFT in this embodiment, however, it is 
not limited to this in the present invention and may be a 
multi-gate TFT such as a triple-gate TFT or other con- 
figurations. 

40 [0042] When current is output from a source signal 
line driver circuit 1401 to source signal lines 1403 to 
1410 and gate signal lines 1411 to 1414 become high 
(in the case where a pixel TFT is an N-channel type), 
current flows into TFTs 1419 to 1422 and 1427 to 1430, 

45 and through these TFTs, the current flows into EL ele- 
ments 1435 to 1438 and 1443 to 1446, and a common 
cathode, so that the EL elements 1 435 to 1 438 and 1 443 
to 1446 emit light. 

[0043] Subsequently, when the gate signal lines 1411 
50 to 1414 become low (in the case where a pixel TFT is 
an N-channel type), the TFTs 1 41 9 to 1 422 and 1 427 to 
1 430 are turned OFF. Then when gate signal lines 1415 
to 1418 become high, TFTs 1423 to 1426 and 1431 to 
1434 are turned ON and current flows into EL elements 
55 1 439 to 1 442 and 1 447 to 1 450, so that they emit light. 
By repeating this, the whole screen emits light. De- 
scribed above is the case where a pixel TFT is an N- 
channel type, however, a potential of the gate signal line 
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is reversed to this in the case where the pixel is a P- 
channel type. 

[0044] The source signal line driver circuit 1401 and 
the gate signal line driver circuit 1402 may be formed 
together with the pixel TFT on the substrate, or alterna- 
tively, a driver circuit may be manufactured separately 
from the pixel TFT and mounted on a pixel substrate. 
Monocrystalline silicon or non-monocrystalline such as 
poly-silicon and amorphous silicon may be used for the 
driver circuit. 

[0045] In the case of expressing a gray scale, the ex- 
pression is achieved by controlling current flowing 
through a source signal line as shown in FIG 4. 
[0046] The switching element shown in this embodi- 
ment can be applied to other embodiments in this de- 
scription. 

[Embodiment 3] 

[0047] FIG 16 shows an example in which the timing 
of a simultaneous driving of gate signal lines is different 
from that in the aforementioned Embodiment Mode, and 
Embodiments 1 and 2. In this embodiment, agate signal 
line driver circuit 1 602 and each gate signal line are con- 
nected in a different manner than the aforementioned 
Embodiment Mode and Embodiments. 
[0048] When current is output from a source signal 
line driver circuit 1601 to source signal lines 1603 to 
1610 and gate signal lines 1611, 1613, 1615, and 1617 
become high (in the case where a pixel TFT is an N- 
channeltype),currentflowsintoTFTs 1619, 1621, 1623, 
1625, 1627, 1629, 1631, and 1633, and through these 
TFTs, the current flows into EL elements 1635, 1637, 
1639, 1641, 1643, 1645, 1647, and 1649, and a com- 
mon cathode, so that the EL, elements 1635, 1637, 
1 639, 1 641 , 1 643, 1 645, 1 647, and 1 649 emit light. 
[0049] Subsequently, when the gate signal lines 1611, 
1613, 1615, and 1617 become low (in the case where 
a pixel TFT is an N-channel type), the TFTs 1 61 9, 1 621 , 
1623, 1625, 1627, 1629, 1631, and 1633 are turned 
OFF. Then when gate signal lines 1 61 2, 1 61 4, 1 61 6, and 
1 61 8 become high, TFTs 1 620, 1 622, 1 624, 1 626, 1 628, 
1 630, 1 632, and 1 634 are turned ON and current flows 
into EL elements 1636, 1638, 1640, 1642, 1644, 1646, 
1 648, and 1 650, so that they emit light. By repeating this, 
the whole screen emits light. Described above is the 
case where the pixel TFT is an N-channel type, howev- 
er, a potential of the gate signal line is reversed to this 
in the case where the pixel is a P-channel type. 
[0050] The source signal line driver circuit 1601 and 
the gate signal line driver circuit 1602 may be formed 
together with the pixel TFT on the substrate, or alterna- 
tively, a driver circuit may be manufactured separately 
from the pixel TFT and mounted on a pixel substrate. 
Monocrystalline silicon or non-monocrystalline such as 
poly-silicon and amorphous silicon may be used for the 
driver circuit. 

[0051] In the case of expressing a gray scale, the ex- 



pression is achieved by controlling current flowing 
through a source signal line as shown in FIG 4. The 
present invention is not limited to the above description, 
and the simultaneous driving by other combinations 
5 may be performed in the similar manner. It is also pos- 
sible to set any gate signal lines to be driven simultane- 
ously as desired. 

[Embodiment 4] 

10 

[0052] FIG. 7 shows a source signal line driver circuit 
of the present invention. For one pixel column, source 
signal line driver circuits 701 to 704 can be provided, 
which are connected to respective source signal lines 

15 in this embodiment as shown in FIG 7. In FIG 7, refer- 
ence numerals 706 to 713 denote source signal lines 
and 705 denotes a gate signal line driver circuit. FIG 8 
shows a configuration of each source signal line driver 
circuit (for example 701 ). FIG 8 corresponds to a driving 

20 as shown in FIG. 4. As FIG 4 is an example of 3-bit, an 
embodiment shown in FIG 8 also corresponds to 3-bit, 
however, it is not limited to 3-bit. Operation thereof is 
described hereinafter. 

[0053] First, a digital image signal which is input to 
25 image signal lines 828 is stored in latch circuits 802 to 
804 and 815 to 81 7 by an output pulse of a shift register 
801 . When data of one line is stored, a latch signal line 
830 becomes high in a horizontal flyback period and the 
data is transferred to latch circuits 805 to 807 and 818 
30 to 820. In the subsequent image period, a digital image 
signal is again stored in the latch circuits 802 to 804 and 
815 to 817. 

[0054] Meanwhile, data accumulated in the latch cir- 
cuits 805 to 807 and 818 to 820 and data input from 

35 count signal lines 829 are compared by EXNORs 808 
to 81 0 and 821 to 823. An output of the EXNORs is input 
to ANDs 81 1 and 824. When each of the data becomes 
high, the states of latch circuits 812 and 825 are 
changed. Switches 814 and 827 are opened or closed 

40 corresponding to this state change to control the current 
supply or non-supply from constant current sources 813 
and 826 to source signal lines 831 and 832. 
[0055] Signals from 000 to 111 are output to the count 
signal lines in sequence. Assuming that each data of the 

45 latch circuits 805 to 807 is 1 , 0, and 1 respectively, the 
latch circuit 812 operates to close the switch when a 
count signal is 101. Thus, current flows into the source 
signal line and the lighting is performed during a period 
in which the count signal takes from 000 to 101. In this 

50 manner, the period in which current flows into a source 
signal line is controlled based on adataof a digital image 
signal, so that a gray scale can be expressed. 
[0056] The source signal line driver circuit shown in 
this embodiment can be applied to other embodiments 

55 in this description. 



7 



13 



EP 1 577 869 A1 



14 



[Embodiment 5] 

[0057] FIG. 9 is an embodiment of a source signal line 
driver circuit in the case where a gray scale is expressed 
by turning ON/OFF per bit. In such a case, the source 
signal line driver circuit can be simplified since only 
specified bit data is input as an image signal. Operation 
thereof is described hereinafter. A digital image signal 
which is input to an image signal line 910 is stored in 
latch circuits 902 and 906 by an output pulse of a shift 
register 901. Then, when a latch signal line 911 be- 
comes high, the signal is transferred to latch circuits 903 
and 907. Then, the subsequent digital image signal is 
stored in the latch circuits 902 and 906. Switches 905 
and 909 are controlled by the output of the latch circuits 
903 and 907 to determine whether to flow current of con- 
stant current sources 904 and 908 to source signal lines 
912 and 91 3 or not. In this manner, a pixel can emit light. 

[Embodiment 6] 

[0058] FIG 10 shows an embodiment of a constant 
current source. FIG 3 shows an example of a conven- 
tional constant current source in which a number of cur- 
rent mirror circuits are used, so that errors are likely to 
occur. Therefore, FIG 1 0 shows the one with a counter- 
measure against it. FIG 10 is a constant current circuit 
wherein a reference current source 1002 is provided 
outside or inside of a source signal line driver circuit, 
and current of the reference current source 1002 flows 
into TFTs 1004 to 1006 in sequence and gate-source 
voltages of the TFTs 1 004 to 1 006 at that time are stored 
in storage capacitors 1007 to 1009 respectively so that 
the same amount of current of the constant current 
source 1 002 flows into output terminals 1 01 6 to 101 8. 
[0059] Operation thereof is described hereinafter. A 
shift register 1001 shifts an output pulse in sequence. 
Firstly, when a shift pulse is applied to switches 1010 
and 1011 to be turned ON, current flows from a power 
source line 1 003 into the constant current source 1 002 
through the TFT 1004, the switches 1011 and 1010. 
When the output pulse of the shift register is applied to 
switches 1012 and 1013, current flows from the power 
source line 1 003 into the constant current source 1 002 
through the TFT 1 005, the switches 1 01 3 and 1 01 2. At 
this time, the switches 1 01 0 and 1 011 are already OFF, 
however, charge is held in the capacitor 1007, so that 
the TFT 1 004 is kept ON and cu rrent flows from the pow- 
er source line 1 003 into the output terminal 1016. 
[0060] When the output pulse of the shift register is 
applied to switches 1014 and 1 01 5, current flows from 
the power source line 1003 into the constant current 
source 1002 through the TFT 1006, the switches 1015 
and 1 01 4. At this time, the switches 1010,1011,1012, 
and 1013 are already OFF, however, charge is held in 
the capacitors 1007 and 1008, so that the TFTs 1004 
and 1 005 are kept ON and current flows from the power 
source line 1003 into the output terminals 1016 and 



1017. A current source by which a source signal line is 
driven based on the reference constant current source 
1002 can be configured in this manner. This current 
source is not affected by variations of elements of the 
5 TFTs 1 004 to 1 006 in principle if charge accumulated in 
the capacitor can be held. Therefore, a current source 
with few variations can be configured. 

[Embodiment 7] 

10 

[0061 ] FIG. 1 1 shows an embodiment of a source sig- 
nal line driver circuit of the present invention. FIG 11 is 
a source signal line driver circuit in which an analog im- 
age signal (voltage) is input and the amount of current 

15 according to the voltage is output to a source signal line. 
[0062] Firstly, an analog image signal for the first row 
is input to an analog image signal line 1124. ON/OFF of 
switches 1 1 03, 1 1 1 0, and 1 1 1 7 is controlled by an output 
pulse of a shift register 1101 to sample and hold the an- 

20 alog image signal in capacitors 1104, 1111, and 1118. 
The voltage serves as respective gate-source voltage 
of TFTs 1 1 05, 1 1 1 2, and 1 1 1 9. Until the sampling of the 
first row is completed, the switches 1109, 1116, and 
1 1 23 connect TFTs 1 1 08, 1 1 1 5, and 1 1 22 to source sig- 

25 nal lines 1 1 28, 11 29, and 1 1 30 respectively, and do not 
connect the TFTs 1105, 1112, and 1119 to the source 
signal lines. Therefore, even if a voltage is applied be- 
tween each gate and source of the TFTs 1105, 1112, 
and 1119, no current flows. After the sampling is com- 

30 pleted, the switches 1 1 09, 1 1 1 6, and 1 1 23 are switched 
to connect the TFTs 1 1 05, 1112, and 1 1 1 9 to the source 
signal lines. The amount of current according to the an- 
alog image signal is output to the source signal line in 
this manner. 

35 [0063] Next, an analog image signal for the second 
row is input to an analog image signal line 1126. ON/ 
OFF of switches 1 1 06, 1113, and 1 1 20 is controlled by 
an output pulse of a shift register 1102 to sample and 
hold the analog image signal in capacitors 1107, 1114, 

40 and 1121. The voltage serves as respective gate-source 
voltage of TFTs 1108,1115, and 1 1 22. Until the sampling 
of the second row is completed, the switches 1109, 
1116, and 1123 connect TFTs 1105, 1112, and 1119 to 
the respective source signal lines, and do not connect 

45 the TFTs 1108, 1115, and 11 22 to the source signal lines. 
Therefore, even if a voltage is applied between each 
gate and source of the TFTs 1 1 08, 1115, and 1 1 22, no 
current flows. After the sampling is completed, the 
switches 1 1 09, 1116, and 1 1 23 are switched to connect 

50 the TFTs 1 1 08, 1 1 1 5, and 1 1 22 to the sou rce signal lines. 
The amount of current according to the analog image 
signal is output to the source signal line in this manner. 
[0064] Subsequently, an analog image signal for the 
third row is input to the analog image signal line 1124. 

55 The analog image signal is sampled by an output pulse 
of the shift register 1101. The amount of current accord- 
ing to the analog image signal is output to the source 
signal line by repeating such operations. 
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[0065] In FIG 11, reference numerals 1125 and 1127 
denote power source lines. 

[Embodiment 8] 

[0066] FIG 1 2 shows an embodiment of a source sig- 
nal line driver circuit of the present invention. FIG 12 is 
a source signal line driver circuit in which an analog im- 
age signal (current) is input and the amount of current 
according to the current is output to a source signal line. 
[0067] Firstly, an analog image signal for the first row 
is input from an analog current source 1201. ON/OFF 
of switches 1 21 0 to 1 21 5 is controlled by an output pulse 
of a shift register 1 203 to sample the analog current im- 
age signal and generate respective gate-source voltage 
of TFTs 1204 to 1206. Then, they are held in capacitors 
1 207 to 1 209. Until the sampling of the first row is com- 
pleted, switches 1229 to 1231 connect TFTs 1217 to 
121 9 to respective source signal lines, and do not con- 
nect the TFTs 1204 to 1206 to the source lines. There- 
fore, even if a voltage is applied between each gate and 
source of the TFTs 1 204 to 1 206, no current flows. After 
the sampling is completed, the switches 1229 to 1231 
are switched to connect the TFTs 1204 to 1206 to the 
source signal lines. The amount of current according to 
the analog image signal is output to the source signal 
line in this manner. 

[0068] Next, an analog image signal for the second 
row is input from an analog current source 1202. ON/ 
OFF of switches 1 223 to 1 228 is controlled by an output 
pulse of a shift register 1 21 6 to sample the analog cur- 
rent image signal and generate respective gate-source 
voltage of the TFTs 1217 to 1219. Then, they are held 
in capacitors 1 220 to 1 222. Until the sampling of the sec- 
ond row is completed, the switches 1229 to 1231 con- 
nect the TFTs 1204 to 1206 to respective source signal 
lines, and do not connect the TFTs 1 21 7 to 1 21 9 to the 
source lines. Therefore, even if a voltage is applied be- 
tween each gate and source of the TFTs 1 21 7 to 1 21 9, 
no current flows. After the sampling is completed, the 
switches 1 229 to 1 231 are switched to connect the TFTs 
1 21 7 to 1 21 9 to the source signal lines. The amount of 
current according to the analog image signal is output 
to the source signal line in this manner. 
[0069] Subsequently, an analog image signal for the 
third row is input from the analog current source 1201 . 
An analog current image signal is sampled by an output 
pulse of the shift register 1203. The amount of current 
according to the analog image signal is output to the 
source signal line by repeating such operations. 

[Embodiment 9] 

[0070] FIG 15 shows a plan view of a pixel of the 
present invention. This example provides four source 
signal lines 1 501 to 1 504 and a source signal line 1 504 
is connected to either one of a source electrode or a 
drain electrode of a pixel TFT 1 506. The other electrode 



of the pixel TFT which is not connected to the source 
signal line 1504, the source electrode or the drain elec- 
trode, is connected to a pixel electrode 1507. The pixel 
electrode 1507 corresponds to an anode or a cathode 
5 of an EL element. A gate signal line 1505 is connected 
to a gate of the TFT 1506. 

[0071] The number of source signal lines of the 
present invention is larger than that of a conventional 
active matrix EL light-emitting device, while the source 
signal line can be interposed in a boundary portion of 
each color in the case where a pixel is colorized by ap- 
plying selectively. In addition, since only one TFT is re- 
quired in one pixel and no storage capacitor is required, 
the opening ratio can be increased. 
[0072] Furthermore, in the case where of a top emis- 
sion type in which a counter electrode different from a 
pixel electrode of an EL element is a transparent elec- 
trode and light from the EL element is emitted to the top 
side, an insulating film can be formed on a source signal 
line and a pixel electrode can be disposed thereon. In 
this case, the pixel electrode can occupy ninety percent 
or more of a pixel. 

[Embodiment 1 0] 

[0073] According to the present invention, a pixel TFT 
serves only as a switch, therefore the pixel TFT does 
not need to be a transistor with high performance. An 
amorphous TFT, an organic TFT, and the like may be 
employed as the pixel TFT. A source signal line driver 
circuit and a gate signal line driver circuit can not be in- 
tegrated in this case, thus they are configured by a 
monocrystalline transistor or a polycrystalline transistor 
and mounted on a pixel TFT substrate for driving. 
[0074] In the case of a large display device, most of 
its cost is not for driving circuits such as a source signal 
line driver circuit and a gate signal line driver circuit but 
for a pixel portion. Consequently, large cost reduction 
can be realized by employing an amorphous TFT and 
the like, not a polysilicon TFT. 

[0075] This embodiment can be used in combination 
with the aforementioned other embodiments. 

[Embodiment 11] 

[0076] FIG. 1 7 is an example of a shift register which 
is configured by using a TFT having single polarity. FIG. 
1 7 is a case of using an N-channel type, however, either 
an N-channel type or a P-channel type may be used as 
single polarity. By using either one or both of a source 
signal line driver circuit and a gate signal line driver cir- 
cuit manufactured by the process of a single polarity 
transistor, the number of masks needed for manufactur- 
ing a display device can be reduced. 
[0077] In FIG. 17, a start pulse SP is input to a shift 
register 1701 through a switching TFT 1 711 after being 
input to a scanning direction changing switch 1 702. The 
shift register is a set reset type shift register which uses 
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bootstrap. Operation of the shift register 1701 is de- 
scribed hereinafter. 

[0078] The start pulse is input to a gate of a TFT 1 703 
and a gate of a TFT 1 706. When the TFT 1 706 is turned 
ON, a gate of a TFT 1704 becomes low and the TFT 
1704 is turned OFF. In addition, since a gate of a TFT 
1710 also becomes low, the TFT 1710 is turned OFF. 
The gate potential of the TFT 1 703 is raised to the level 
of the power source potential. Therefore, the gate po- 
tential of the TFT 1 709 is first raised to the level of 'power 
source - Vgs'. Since the initial potential of an output 1 is 
Lo, the TFT 1 709 raises a source potential while charg- 
ing the output 1 and a capacitor 1 708. When the gate of 
the TFT 1 709 reaches the 'power source - Vgs', the TFT 
1709 is still ON. Therefore, the output 1 continues its 
rise in potential. The gate of the TFT 1709 has no dis- 
charge path and therefore continues to rise in potential 
corresponding to the source thereof even past the pow- 
er source potential. 

[0079] When a drain and the source of the TFT 1 709 
reach the same potential, the current flows to the output 
is stopped and the rise in potential of the TFT 1709 is 
stopped. The output 1 can output high potential equal 
to the power source potential in this manner. At this 
point, the potential of a CLb is set high. When the CLb 
drops to low, charges in the capacitor 1708 are sent to 
the CLb through the TFT 1709 and the output 1 drops 
to Lo. Pulses of the output 1 are transferred to the shift 
register of the next stage. This embodiment can be used 
in combination with other embodiments in this descrip- 
tion. 

[Embodiment 12] 

[0080] FIG 1 9 shows an embodiment in which source 
signal line driver circuits are disposed on both sides of 
a pixel portion. In the case where this arrangement is 
employed and the source signal line driver circuits on 
both sides are driven simultaneously, eight rows of pix- 
els can be lighted simultaneously as an example of FIG 
19 and a longer light emission time of an EL element 
can be realized. Operation is described hereinafter. 
[0081] When current is output from a source signal 
line driver circuit 1901 to source signal lines 1904 to 
1911 and gate signal lines 1952 to 1955 become high 
(in the case where a pixel TFT is an N-channel type), 
current flows into TFTs 1920 to 1927, and through the 
TFTs, the current flows into EL elements 1928 to 1935 
and a common cathode, so that the EL elements 1 928 
to 1935 emit light. 

[0082] Simultaneously with the above operation, 
when current is output from a source signal line driver 
circuit 1902 to source signal lines 191 2 to 191 9 and gate 
signal lines 1956 to 1959 become high (in the case 
where a pixel TFT is an N-channel type), current flows 
into TFTs 1 936 to 1 943, and through the TFTs, the cur- 
rent flows into EL elements 1 944 to 1 951 and a common 
cathode, so that the EL elements 1944 to 1951 emit 



light. 

[0083] The source signal line driver circuits 1901, 
1902, and a gate signal line driver circuit 1903 may be 
formed together with a pixel TFT on the substrate, or 

5 alternatively, a driver circuit may be manufactured sep- 
arately from the pixel TFT and mounted on a pixel sub- 
strate. Monocrystalline silicon or non-monocrystalline 
such as poly-silicon and amorphous silicon may be used 
for the driver circuit. 

w [0084] In the case of expressing a gray scale, the ex- 
pression is achieved by controlling current flowing 
through a source signal line as shown in FIG 4. 

[Embodiment 13] 

15 

[0085] A display device manufactured as described 
above can be used in a display portion of various types 
of electronic apparatuses. Hereinafter, electronic appa- 
ratuses in which the display device manufactured ac- 
20 cording to the present invention is incorporated as a dis- 
play medium are described. 

[0086] Such electronic apparatuses are as follows: 
video cameras, digital cameras, head mounted displays 
(goggle type displays), game machines, car navigation 
25 systems, personal computers, portable information ter- 
minals, mobile phones, electronic books, etc. Examples 
thereof are shown in FIG 18. 

[0087] FIG 1 8(A) is a digital camera which includes a 
body 3101, a display portion 3102, an image receiving 

30 portion 31 03, operation keys 31 04, an external connect- 
ing port 31 05, a shutter 31 06, and an audio output por- 
tion 31 07. A display device of the present invention can 
be used in the display portion 3102 of the camera. 
[0088] FIG 18(B) is a notebook computer which in- 

35 eludes a body 3201 , a housing 3202, a display portion 
3203, a keyboard 3204, an external connecting port 
3205, a pointing mouse 3206, and an audio output por- 
tion 3207. A display device of the present invention can 
be used in the display portion 3203. 

40 [0089] FIG 18(C) is a portable information terminal 
which includes a body 3301, a display portion 3302, a 
switch 3303, operation keys 3304, an infrared port 3305, 
and an audio output portion 3306. A display device of 
the present invention can be used in the display portion 

45 3302. 

[0090] FIG 1 8(D) is an image reproducing device pro- 
vided with a recording medium (specifically, DVD repro- 
ducing device) which includes a body 3401 , a housing 
3402, a recording medium (such as a CD, an LD and a 

50 DVD) read-in portion 3405, an operation switch 3406, 
an audio output portion 3407, a display portion (a) 3403, 
a display portion (b) 3404, and the like. The display por- 
tion (a) mainly displays image information and the dis- 
play portion (b) mainly displays character information. 

55 A display device of the present invention can be used 
in the display portion (a) and in the display portion (b) 
of the image reproducing device having the recording 
medium. Note that CD reproducing devices, game ma- 
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chines and the like are included in the image reproduc- 
ing device provided with a recording medium in which 
the present invention can be used. 
[0091] FIG 18(E) is a folding portable display device, 
and a display portion 3502 in which the present inven- 
tion is used can be mounted on a body 3501 . Reference 
numeral 3503 denotes an audio output portion. 
[0092] FIG 1 8(F) is a wristwatch type display device 
which includes a belt 3601, a display portion 3602, an 
operation switch 3603, and an audio output portion 
3604. A display device of the present invention can be 
used in the display portion 3602. 
[0093] FIG 1 8(G) is a mobile phone which includes a 
body 3701 , a housing 3702, a display portion 3703, an 
audio input portion 3704, an antenna 3705, an operation 
key 3706, an external connecting port 3707, and an au- 
dio output portion 3708. A display device of the present 
invention can be used in the display portion 3703. 
[0094] As described above, the applicable range of 
the present invention is so wide that the invention can 
be applied to electronic apparatuses of various fields. 
Note that the electronic apparatuses of this embodiment 
can be achieved by utilizing any combination of config- 
urations in Embodiments 1 to 12. 



Claims 

1. A display device comprising: 

a plurality of pixels each configured by a switch- 
ing element and a light-emitting element dis- 
posed on a substrate in matrix; 
a plurality of source signal lines disposed for 
one pixel column; and 

one gate signal line disposed for one pixel row, 
wherein: 

the switching element has an input terminal, an 
output terminal, and a control terminal; 
the input terminal is electrically connected to 
any one of the plurality of source signal lines; 
the output terminal is electrically connected to 
the light-emitting element; and 
the control terminal is electrically connected to 
the gate signal line. 

2. A display device comprising: 

a plurality of pixels each configured by a switch- 
ing element and a light-emitting element dis- 
posed on a substrate in matrix; 
a plurality of source signal lines disposed for 
one pixel column; and 

one gate signal line disposed for one pixel row, 
wherein: 



the switching element has an input terminal, an 

output terminal, and a control terminal; 

the input terminal is electrically connected to 

any one of the plurality of source signal lines; 
5 the output terminal is electrically connected to 

the light-emitting element; 

the control terminal is electrically connected to 

the gate signal line; and 

a plurality of source signal line driver circuits 
10 each electrically connected to at least one of 

the plurality of source signal lines is provided. 

3. A display device comprising: 

15 a plurality of pixels each configured by a switch- 

ing element and a light-emitting element dis- 
posed on a substrate in matrix; 
a plurality of source signal lines disposed for 
one pixel column; and 

20 one gate signal line disposed for one pixel row, 

wherein: 

the switching element has an input terminal, an 
25 output terminal, and a control terminal; 

the input terminal is electrically connected to 
any one of the plurality of source signal lines; 
the output terminal is electrically connected to 
the light-emitting element; 
30 the control terminal is electrically connected to 

the gate signal line; and 
one gate signal line driver circuit which drives 
a plurality of the gate signal lines simultaneous- 
ly is provided. 

35 

4. The display device according to claim 2, 

wherein the source signal line driver circuit is 
acurrent output type source signal line driver circuit. 

40 5. The display device according to claim 2, 

wherein the source signal line driver circuit is 
configured by a thin film transistor. 

6. The display device according to claim 2, 

45 wherein the source signal line driver circuit is 

formed on the same substrate as the switching el- 
ement. 

7. The display device according to claim 2, 

50 wherein the source signal line driver circuit is 

the one mounted a semiconductor chip. 

8. The display device according to claim 2, 

wherein a plurality of the source signal line 
55 driver circuits are divided to dispose on both sides 
of a region where the plurality of pixels are dis- 
posed. 



11 



21 



EP 1 577 869 A1 



22 



9. The display device according to claim 2, 

wherein the source signal line driver circuit 
drives any one of the plurality of source signal lines. 

10. The display device according to claim 2, 

wherein the source signal line driver circuit is 
configured by a transistor having single polarity. 

11. The display device according to claim 3, 

wherein the gate signal line driver circuit is 
configured by a thin film transistor. 

12. The display device according to claim 3, 

wherein the gate signal line driver circuit is 
formed on the same substrate as the switching el- 
ement. 

13. The display device according to claim 3, 

wherein the gate signal line driver circuit is the 
one mounted a semiconductor chip. 

14. The display device according to claim 3, 

wherein the gate signal line driver circuit is 
configured by a transistor having single polarity. 

15. The display device according to any one of claims 
1 to 3, 

wherein the switching element is configured 
by one thin film transistor. 

16. The display device according to any one of claims 
1 to 3, 

wherein the switching element is configured 
by a multi-gate thin film transistor. 

17. The display device according to any one of claims 
1 to 3, 

wherein the light-emitting element is an EL el- 
ement. 

18. An electronic apparatus equipped the display de- 
vice according to any one of claims 1 to 3, including 
a video camera, a digital camera, a notebook per- 
sonal computer, a mobile computer, a portable im- 
age reproducing device provided with a recording 
medium, a head mounted display, a game machine, 
a car navigation system, a personal computer, a 
portable information terminal, a mobile phone, an 
electronic book, a folding portable display device, 
and a wristwatch type display device. 

19. A driving method of a display device, 

wherein a plurality of pixels each configured 
by a switching element and a light-emitting element 
is disposed on a substrate in matrix; 

a plurality of source signal lines is disposed 
for one pixel column; 

one gate signal line is disposed for one pixel 



row; 

the switching element has an input terminal, 
an output terminal, and a control terminal; 

the input terminal is electrically connected to 
5 any one of the plurality of source signal lines; 

the output terminal is electrically connected to 
the light-emitting element; and 

the control terminal is electrically connected 
to the gate signal line; 
10 and 

wherein a plurality of the gate signal lines is 
driven simultaneously and a plurality of the switch- 
ing elements are turned ON so that a signal of any 
one of the plurality of source signal lines is input to 
15 the light-emitting element and the light-emitting el- 
ement is driven. 

20. The driving method of the display device according 
to claim 19, 

20 wherein the switching element is configured 

by one thin film transistor. 

21. The driving method of the display device according 
to claim 19, 

25 wherein the switching element is configured 

by a multi-gate thin film transistor. 

22. The driving method of the display device according 
to claim 19, 

30 wherein the light-emitting element is an EL el- 

ement. 



35 



40 



45 



50 



55 



12 



EP 1 577 869 A1 



FIG.1 



101 



102 



_ , 135 



119 



f 



120 



136 



T 

121 



-. 137 



122 LT 

o 



r^ 3 



127 



^ 44 



128 



r 

129 



145 



6 



T 
130 



146 



"H 7 



^111 



112 



^113 



114 



T 
123 



n 139 



T 
131 



147 



7p 



r 

124 



140 



132 



125 



133 



— > 
103 



126 4^ 134 



150 



— 

105\ 1Q6 107 
104 



108 109 



115 



116 



117 



118 



13 



EP 1 577 869 A1 



FIG.2 



IMAGE DATA 




205 



206 



202 

■V 



209 1 210 



225 



it 



229 



233 



it 



237 
217 



226 
230 
234 



238 
218 



207 



211 



227 



M 

231 



2^5 



239 

219 
201 



220 

/I/ 



221 



222 

A/ 



223 

A/ 



14 



EP 1 577 869 A1 




15 



EP 1 577 869 A1 




16 



EP 1 577 869 A1 



FIG.5 




17 



EP 1 577 869 A1 



FIG.6 



601 




18 



EP 1 577 869 A1 




19 



EP 1 577 869 A1 



FIG.8 



828 



830 



829 




831 



832 



20 



EP 1 577 869 A1 



FIG.9 



910 



911 




904 



905 



908 



909 



912 



913 



21 



EP 1 577 869 A1 



FIG.10 



1001 



1007 



1002 



1004 



177T 



3™ 



1010 



1008 



1005 



1011 
1016 



1012 1013 



1009 

—I 1003 



1006 



1014 1015 



1017 



1018 



22 



EP 1 577 869 A1 



FIG.1 1 



1101 



1124- 



1125 



. -1103 
1104 



/1L 

1105 



I 



/I 
1112 



1110 
1111 



I 



' -4-1117 



1118 



1119 



1126- 



1127- 



1 



1106 



1107 



/ 

1108 



1109 



1102 



T 



1113 



6\0 



1114 



X 



/ 

1115 



1 



-1120 



1116- 



oio 



1121 

1?^ 



/ 

1122 



1123- 



oid 



1128 



1129 



1130 



23 



EP 1 577 869 A1 



FIG.12 



1203 



1201 



CD 



1207 



(K 



1204 



177T 



1210 1211 



1208 



1205 



1212 1213 



1209 

— ' 1232 



im: 



1206 



1214 1215 



1216 



1220 



1202 



0 



1217 



1223 



1224 
1229 



1221 



<h-C 



1218 



1225 1226 



6|6 



1222 
1/ f * 



1233 



1219 



1227 1228 



34 



6|6 



1230 I 



6|6 



1231 I 



24 



EP 1 577 869 A1 



FIG. 13 



1301 















! t 
i 




1319 M 


ih-TTI-^/1343 ^1311 
1327 

6 


i 


<h _J#=L_ J336 
' 1320 Q 


<>_jf = L_ l _<1344 ^1312 
1328F] 


> 


T , 

1321 


i; 
A 


337 ( 


jy=i/1345 ^1313 
1329LJ 




.._ifU338 <h 
1322 ? 

6 


r2n_ I< '1346 ^1314 
1330LJ 


i 


> 


1323 


1339 


<H _r7-L/1347 ^1315 

1331 n 


t 


I 


„_jfq54o 

1324 ? 


i.-ffW 1348 ^1316 
1332LJ 


i 


o 

> 


.--jfU|41 „ 
1325 ? 

6 


.._f| = L 1 /1349 ^ 1317 
1333 

6 


1 


303^/l 
1304 


1326 M 

30^^" TioT^A 

1306 i3 0 g 


r^L/1350 ^1318 
1334n 

V^-X..._ 

f° 9 >310 



25 



EP 1 577 869 A1 

FIG. 14 



1401 




26 



EP 1 577 869 A1 



FIG. 15 





/ 




V~7\ 


/ 




y 






/ 




/ 


/ 

r 




y 


y 4 






y 
/ 


/ 

y 4 
r 






/ 








/ 








/ 




y 4 


y 

r 




y 
/ 






/ 




y 
f 


/ 

r 




/ 






/ 




y 


/ 
f 




y 
/ 






f 




y 
r 






/ 






/ 




/ 


/ 




/ 






/ 




/ 


/ 




/ 






/ 




/ 


/ 




/ 






/ 




/ 


/ 




/ 






/ 




/ 


/ 




/ 






/ 




/ 


/ 




/ 






/ 




/ 


/ 




/ 






/ 




/ 


/, 




/ 














/ 


/ 





/15027 1 

1501 150 3 




504 



1507 



27 



EP 1 577 869 A1 



FIG. 16 



1601 




28 



EP 1 577 869 A1 




29 



EP 1 577 869 A1 



FIG. 18 




30 



EP 1 577 869 A1 



FIG. 19 



1901 



1903 



1904 



1928 



1920 




1929 



1922 



1930 




1931 



1923H 1927 n 

"\ 1908* , N "> 
•061907 19091910 1911 



1924^ 
1925|_J 



1932 ^1952 



1933 ^1953 




1934 ^1954 



1^1^1935 ^1955 



1905 1906^907 19091910 

iaio 1 91 3 /1914 1917 1918 

! 912 >i^ 1^1915 1916^\ /t^1919 



i936rn 



|l937p 



1944 



-1945 



1938| 



1939[~J 



1940F* 
6 



* 1948 ^1956 



ZT<1949 ^1957 
1941 



ffL/1950 ^1958 




1902 



31 



EP 1 577 869 A1 



INTERNATIONAL SEARCH REPORT 


International application No. 




PCT/JP03/16026 



A. CLASSIFICATION OF SUBJECT MATTER 

Int. CI 7 G09G3/30, 3/20, H05B33/14 



According to International Patent Classification (IPC) or to both national classification and IPC 
B. FIELDS SEARCHED 

Minimum documentation searched (classification system followed by classification symbols) 
Int. CI 7 G09G3/30, 3/20, H05B33/14 



Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 
Jitsuyo Shinan Koho 1922-1996 Toroku Jitsuyo Shinan Koho 1994-2004 

Kokai Jitsuyo Shinan Koho 1971-2004 Jitsuyo Shinan Toroku Koho 1996-2004 

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used) 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 


Citation of document, with indication, where appropriate, of the relevant passages 


Relevant to claim No. 




JP 57-114189 A (Hitachi, Ltd.), 






15 July, 1982 (15.07.82), 






& DE 3200122 A & US 4481511 A 




X 


Full text; Figs. 1 to 10 


1-15, 17-20, 






22 


Y 


Full text; Figs. 1 to 10 


16,21 




JP 58-132791 A (Hitachi, Ltd.), 






0 8 August, 1983 (08.08.83), 




X 


Full text; Figs. 1 to 17 


1-15,17-20, 




Full text; Figs. 1 to 17 


22 


Y 


(Family: none) 


16,21 



| x I Further documents are listed in the continuation of Box C. | J See patent family annex. 



* Special categories of cited documents: "T" 
"A" document defining the general state of the art which is not 

considered to be of particular relevance 
"E" earlier document but published on or after the international filing "X" 

date 

"L" document which may throw doubts on priority claim(s) or which is 

cited to establish the publication date of another citation or other "Y" 
special reason (as specified) 

"O" document referring to an oral disclosure, use, exhibition or other 
means 

"P" document published prior to the international filing date but later 
than the priority date claimed 



later document published after the international filing date or 
priority date and not in conflict with the application but cited to 
understand the principle or theory underlying the invention 
document of particular relevance; the claimed, invention cannot be 
considered novel or cannot be considered to involve an inventive 
step when the document is taken alone 

document of particular relevance; the claimed invention cannot be 
considered to involve an inventive step when the document is 
combined with one or more other such documents, such 
combination being obvious to a person skilled in the art 
document member of the same patent family 



Date of the actual completion of the international search 
09 March, 2004 (09.03.04) 


Date of mailing of the international search report 
23 March, 2004 (23.03.04) 


Name and mailing address of the ISA/ 

Japanese Patent Office 

Facsimile No. 


Authorized officer 
Telephone No. 



Form PCT/ISA/210 (second sheet) (July 1998) 



32 



EP 1 577 869 A1 



INTERNATIONAL SEARCH REPORT 



International application No. 

PCT/JP03/16026 



C (Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT 



Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to claim No. 



X 

Y 



P,X 
P,Y 



JP 52-19960 B2 (Nippon Telegraph & Telephone 

Public Corp. ) , 

31 May, 1977 (31.05.77) , 

Full text; Figs. 1 to 6 

Full text; Figs. 1 to 6 
(Family: none) 

JP 2001-312243 A (Semiconductor Energy Laboratory 
Co. , Ltd. ) , 

09 November, 2001 (09.11.01), 

Par. Nos. [0152] to [0153]; Figs. 18 to 19 

& EP 1128355 A2 & CN 1310435 A 

& KR 2001100792 A & US 2001/0048408 Al 

& TW 535127 A 

JP 2003-280586 A (President of Toyama 
University) , 

02 October, 2003 (02.10.03), 

& EP 1349138 A2 & US 2003/0193298 Al 

& KR 2003077419 A 

Par. Nos. [0018] to [0043]; Figs, 2 to 9 
Par. Nos. [0018] to [0043]; Figs. 2 to 9 



1-15,17-20, 
22 
16,21 



16,21 



1-15,17-20, 
22 
16,21 



Form PCT/ISA/210 (continuation of second sheet) (July 1998) 



33 



